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INTRODUCTION
Since the first use of rabies vaccines by Louis Pasteur a century ago, vaccines and other biologicals have been highly beneficial in eliminating or controlling human and animal diseases. The benefits derived from the use of vaccines far outweigh the risks. However, side-effects in target animals are observed from time to time. The major safety problems reported are as follows:
-injection site reactions -systemic reactions -allergic reactions -effects on the immune system -residual pathogenicity -inadequate inactivation -genetic recombination -contamination. This paper reviews the possible causes and consequences of these problems, and potential methods of prevention.
INJECTION SITE REACTIONS
Oedema at the site of injection is commonly observed after the use of inactivated adjuvanted products. Oedema is caused by allergic mechanisms, however, and disappears quickly.
Inflammatory reactions can be acute or chronic. Bacterial vaccines are responsible for a significant proportion of side-effects, e.g. vaccines against infections with Pasteurella haemolytica (27) , Actinobacillus pleuropneumoniae (39, 41) and Clostridia (3, 38) , and against atrophic rhinitis. Oil adjuvants are frequently cited as causing reactions. The reaction can become manifest in various ways, including granulomas, pyogranulomas, abscesses, lymphoplasmocytic inflammation, necrosis, mineralization, fibrosis or fibrosarcomas. Possible consequences include pain, blemishes at the injection site (responsible for significant loss to the meat industry) (14) , abscesses or even lifethreatening fibrosarcomas (21, 22, 24) . The use of appropriate vaccination techniques and equipment, and new technological developments (adjuvants, downstream processing) are keys to the prevention of side-effects. During the development of new products, intensive laboratory studies and field trials should allow the vaccine manufacturers and regulators to identify potential problems and select safe products. The problem of fibrosarcomas in cats (21, 22, 24) , however, is an exception to the rule: incidence is low and the tumor takes several years to develop, and therefore only vaccino-vigilance can detect the problem.
SYSTEMIC REACTIONS
Short-term hyperthermia is very often observed after vaccination (Fig. 1) . Anorexia, reduction in milk yield, reduced laying, vomiting, neurological problems, changes in blood parameters, and abortion have been described in the literature (12, 33) . Residual endotoxin, and pyrogenic effect of the antigen and adjuvants (oil, saponin) are responsible for these reactions. Improved manufacturing processes (e.g. purification and clarification) and a new generation of adjuvants offer a measure of hope to alleviate this problem. During the development phase, the intensive safety trials (administration of one dose and one overdose) and large-scale field trials are designed to detect the problem products. It is of critical importance that a large number of animals be used. For example 4,916 cats were inoculated with a feline leukemia vaccine (43) , and the reaction rate was 1.16%.
ALLERGIC REACTIONS
Some allergic reactions must be expected with the use of biologicals. For example, with one of the most widely-used vaccines, foot and mouth disease vaccine, the reported reaction rates have ranged from 0.27% in Russia (11) to less than 0.1% in Germany (29) , although far higher reaction rates have occurred in some regions (17) . Allergic reactions have also been reported with canine adenovirus 1, influenza, leptospira and bordetella vaccines. Anaphylaxis (or type I hypersensitivity) occurs within minutes or hours of administration of vaccines, resulting in weakness, dyspnea, vomiting, trembling, mucous membrane pallor, ptyalism, pulmonary oedema, abortion, collapse and sometimes death. Delayed reactions (type III hypersensitivity) occur eight to twenty-one days post injection. The problems can be localized cutaneously (papular, oozing eczemas) or subcutaneously (oedema, pruritis, adenomegaly). Dogs can develop an immune complex disease called 'blue eye' after administration of canine adenovirus 1 vaccine; this results from a corneal oedema, due to the deposition of antigen-antibody complex (33) . Distemper vaccine in dogs may also potentiate the formation of immunoglobulin (Ig)E antibodies to pollens (18) .
The risk of allergic reaction increases after the third or fourth injection of vaccine. During the development of a new vaccine, repeated administration (five times) of a normal dose under laboratory conditions should detect any potential sensitizing effect. The use of sensitizing agents (e.g. bovine serum or other animal albumins) should be reduced to the strict minimum and the products purified. A guinea-pig sensitization test -which consists of injecting a dose of vaccine after the intravenous injection of calf serum -has been shown to be reliable in checking the finished products (15) .
EFFECTS ON THE IMMUNE SYSTEM
Due to the difficulty in properly evaluating the effect on the immune system, this subject has been somewhat controversial in the past. Alteration of leukocyte trafficking has been confused with true immunosuppression.
Some modified live viruses can cause immunosuppression in the vaccinated animals. Bovine herpesvirus 1 (BHV-1), bovine virus diarrhoea virus, canine distemper virus combined with canine adenovirus (3), and the SG33 strain of myxomatosis virus have been shown to induce immunodepression. BHV-1 vaccine can alter the immune response to Pasteurella haemolytica vaccine if both products are administered at the same time (20) . A product containing canine distemper virus and canine adenovirus caused a significant decrease in lymphocyte responsiveness, as measured by an in vitro immune function assay, the lymphocyte blastogenesis test (32) . In buildings where concurrent pathologies exist, vaccination with the SG33 strain of myxomatosis virus can induce the appearance of various diseases in rabbits (9) . As immunosuppression is transitory, persisting for a maximum of seven to ten days, vaccination alone is unlikely to cause detectable adverse reactions in animals, apart from those mentioned above.
The potential immunosuppressive effect can be detected by co-administration of two vaccines (in a single animal at the same time) and evaluation of the immune response or efficacy of both products. The lymphocyte transformation assay is the most convenient test to measure cell-mediated immunity. Figure 2 shows an example of the use of this assay to test the potential suppressive effect of a new vaccine. Differential cell counts (13) , measurement of leukocyte trafficking and the CD4/CD8 ratio could also be used. Field trials to assess the safety of a new vaccine should include some farms or locations infected with pathogens other than those included in the vaccine.
RESIDUAL PATHOGENICITY
Attenuation of viruses or bacteria has traditionally been achieved by passage in culture until the selected strains have lost pathogenicity. In some instances, low levels of pathogenicity may persist and become apparent during widespread use under certain conditions. Fatal, generalized BHV-1 infection has been associated with the administration to neonatal calves of a modified live virus vaccine against infectious bovine rhinotracheitis/parainfluenza 3 (10). Necrotic oophoritis in heifers has been described after intravenous administration of a BHV-1 vaccine during oestrus, together with the possibility of a reduced fertility rate (36) . BHV-1 modified live vaccine enhanced infectious bovine keratoconjunctivitis caused by Moraxella bovis (19) . Severe generalized skin reactions were observed in vaccinated dairy cattle after administration of a capripox vaccine, and resulted in a decrease in milk production (47) . Certain strains of avian infectious laryngotracheitis virus vaccine can cause severe respiratory signs if administered as a spray rather than by the recommended ocular route (34) .
The appropriate attenuation technique should be used to prepare the master seed of a new vaccine. During the development phase of a new product, it is important to conduct safety studies using the most susceptible animals, the route of administration most likely to lead to reversion of virulence, and material from a passage level which is least attenuated between the master seed and the final product. The reverse passage studies evaluating the potential reversion to virulence of attenuated vaccines should be completed for all modified live products, and at least five passages in vivo should be undertaken. The shedding pattern of the vaccine strain should also be determined, to evaluate the risk of transmission from vaccinated animals to more susceptible animals (e.g. neonates) or non-target species. Obviously, the use of inactivated vaccines is an efficient way to avoid this problem.
INADEQUATE INACTIVATION
Inactivation of pathogens or toxins using acetylethylenimine, binary ethylenimine or formaldehyde is a common approach in vaccine production. Inadequate inactivation can have dramatic consequences. Some outbreaks of foot and mouth disease in Western Europe have been caused by improperly inactivated vaccines (4, 7, 8, 37) . Likewise, formaldehyde-inactivated Venezuelan equine encephalomyelitis vaccines were the probable cause of the outbreaks of this disease in Central America in 1969-1972. Some viruses (e.g. porcine parvovirus) are difficult to inactivate.
Only properly-validated inactivation techniques should be used for the manufacture of biologicals. Before using the product on a large scale, at least three inactivation curves at production scale should be completed. The use of formaldehyde should be avoided whenever possible. Testing individual lots of the final product for innocuity can be important in some cases, although the number of samples which can be handled is often too small for the results to be statistically significant.
GENETIC RECOMBINATION
Recombination between live vaccinal strains and virulent strains is possible under specific conditions, and may result in reversion to virulence of recombinant DNA (rDNA) vaccines (25, 30) or conventional vaccines (26) . Furthermore, vaccines marked by the deletion of a gene can regain the deleted gene, with dramatic consequences for eradication programmes.
The appropriate rDNA methods should be used in preparing new vaccine strains. If doubts exist, co-administration of the vaccine and wild strain should be undertaken in the target or other species. It is also wise to avoid mixing different strains of viruses with a high frequency of recombination (e.g. coronaviruses) in the same vaccine bottle.
CONTAMINATION
Contamination with extraneous pathogens is probably the worst nightmare of any manufacturer of biologicals. Fungi, bacteria, mycoplasma and viruses can be responsible for contamination. Fungi and bacteria are usually detected easily by the quality control department, as they change the visual appearance of the product. Contamination with mycoplasma is also fairly common (5, 40) . Mycoplasma can be of human origin (due to defective conditions of manipulation of the vaccine) or from animal origin (present in the material of biological origin, e.g. cells, sera or eggs). Tests to detect mycoplasma are described in European Pharmacopoeia monographs (16) and the United States Code of Federal Regulations (2).
The most dramatic consequences are observed with viruses. The contamination reported in the literature is summarized in Table I. Pestiviruses are the most common contaminants. The potential consequences of such contamination include severe disease in the vaccinated animals, and seroconversion (which could cause major problems in non-endemic areas or during eradication/elimination campaigns).
The control of materials of biological origin for adventitious agents should be mandatory: cell-lines, animal sera, trypsin of porcine origin, eggs, and viral and bacterial seeds should be tested extensively prior to manufacture. Whenever possible, the use of primary cell-lines should be avoided. The appropriate production procedures should be employed. Sera should be inactivated. All procedures should be conducted under sterile conditions, and should be validated in accordance with 'good manufacturing practice' and using 'state-of-the-art' technologies. Final products should be tested for sterility, safety and extraneous agents, either in vitro (using the most sensitive test systems) or in vivo (using seroconversion). Field trials should also form part of the prevention programmes, with intensive monitoring of animals before a licence is issued and vaccino-vigilance after marketing authorization is obtained. 
Sources and consequences of vaccine contamination reported in the literature
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CONCLUSIONS
Many infectious diseases of animals have been controlled through the use of vaccines. Although vaccination is frequently believed to be an innocuous procedure, it is important to recognize that vaccines can cause adverse reactions. Vaccination is a serious medical act. However, only a few directly observable detrimental effects occur as a result of immunization; this observation is a testament to the overall quality of commercial vaccines and current regulations. Manufacturers are developing effective quality assurance programmes. Co-operation between manufacturers, the government authorities granting licences and monitoring adverse reactions, and the end-users is necessary to guarantee the safety of biological products. New technologies and new regulations can be expected to make the new products even safer. These advances, together with the harmonization of legislation, should enable free trade of biologicals between an increasing number of countries. * * * 
